Background. The assessment of rehabilitation efficacy in spinal cord injury (SCI) should be based on a combination of neurological and functional outcome measures. The Spinal Cord Independence Measure II (SCIM II) is an independence scale that was specifically developed for subjects with SCI. However, little is known about the changes in SCIM II scores during and after rehabilitation. Objective. The aims of this study were to evaluate changes in functional recovery during the first year after a complete SCI as measured by the SCIM II compared with neurological recovery (motor scores according to the American Spinal Injury Association [ASIA]). Methods. SCIM II data and ASIA motor scores at 1, 3, 6, and 12 months after injury (derived from the database of the European Multicenter Study of Human Spinal Cord Injury) of 64 patients with complete paraplegia and 36 patients with complete quadriplegia were analyzed. Results. In patients with complete paraplegia, the SCIM II total score improved significantly during the 1-year follow-up, even after discharge from rehabilitation. In contrast, the ASIA motor scores showed little recovery. In patients with quadriplegia, functional and motor recovery developed in parallel during rehabilitation and after discharge. Conclusions. The SCIM II is responsive to functional changes in patients with a persistent motor complete SCI. It is clinically useful for monitoring functional improvement during rehabilitation and after discharge. The SCIM II and the clinical examination based on the ASIA protocol are of complementary value and separately describe changes in independence and sensorimotor deficits in SCI patients.
T here is a need to provide clinical assessments for rehabilitation efficacy in spinal cord injury (SCI). This should be based on a combination of neurological and functional outcome measures. 1 As defined by the International Classification of Functioning, Disability and Health (ICF), neurological assessments are related to the level of body structures, whereas functional tests refer to the levels of activities and participation.
The impairment scale of the American Spinal Injury Association (ASIA) 2 (neurological assessment) in combination with the Functional Independence Measure (FIM) 3 (functional assessment) are considered to be valuable assessment and classification tools for patients with SCI. 1 The ASIA protocol has been revised and refined several times and is currently the most widely used standard for the neurological classification of SCI. 1, 2 The FIM was found to be valid and reliable as a functional assessment tool for various patient groups, including SCI patients. 4, 5 FIM values of patients with paraplegia and quadriplegia were shown to significantly increase during rehabilitation without reaching a plateau. 6 However, the FIM was not developed specifically for patients with SCI. It includes abilities that are assumed to be of less importance for this patient group (ie, cognitive functions) and has been criticized for lacking sensitivity for the assessment of functional recovery in SCI patients. [7] [8] [9] [10] Therefore, a specialized independence scale for subjects with SCI was developed, the Spinal Cord Independence Measure (SCIM). 11 It includes areas of particular functional importance for subjects with SCI and these are weighted according to their clinical relevance with respect to the overall activity of patients with SCI. A revised form, the SCIM II, is now in use in several SCI centers in Israel, Europe, and the United States. 12 The SCIM II has been proven to be valid and highly reproducible in complete and incomplete SCI. 12 However, there is little information about the changes in SCIM II scores during and after rehabilitation. The aim of this study was (1) to evaluate functional recovery during the first year in patients with a complete SCI as measured by the SCIM II, and (2) to compare changes in functional outcome to neurological recovery as assessed by ASIA motor scores.
METHODS
All procedures were in accordance with the standards of the local ethics committee and with the Declaration of Helsinki. The subjects gave written consent to participate in this study.
Database
Within the European Multicenter Study of Human Spinal Cord Injury (EM-SCI), several specialized SCI rehabilitation centers have been prospectively collecting rehabilitation data using the same guidelines since 2002. The EM-SCI database predominantly contains data of patients with traumatic SCI. Data are collected at 1, 3, 6, and 12 months after injury. The SCIM II data for the present study were collected between spring 2002 and summer 2006 by the centers in Bayreuth, Germany; Heidelberg, Germany; Nijmegen, Netherlands; Garches, France; Bad Wildungen, Germany; Langensteinbach, Germany; Bochum, Germany; Murnau, Germany; and Zurich, Switzerland.
SCIM II Data
The SCIM II consists of three main categories, namely, (1) self-care, (2) respiration and sphincter management, and (3) mobility. These main areas are subdivided into 18 subitems (Table 1) . Main areas and subitems are weighted according to their assumed clinical relevance in relation to the overall activity of the SCI population. The maximal total score of the SCIM II amounts to 100 points. In most centers, the different subitems are scored by specialized members of the rehabilitation team. The subitems of the areas self-care and respiration/sphincter management are scored by nurses, the subitems related to transfers (bed-wheelchair, wheelchair-bath) by occupational therapists, and all subitems related to mobility by physiotherapists. After discharge, the SCIM II data are collected by means of an interview on the occasion of follow-up examinations in the clinic (1, 3, 6 , and 12 months after injury). The present analysis is based on a German version of the SCIM II.
Subjects
The present study analyzed SCIM II data of patients with persistent motor complete SCI (ASIA A and B) during a 1-year follow-up examination after SCI. Data of patients who converted to ASIA C or D during that time were excluded from the analysis. Patients were classified according to the motor level, which was shown to be a better predictor of impairment in SCI than the neurological level. 13, 14 All patients included in this study suffered from traumatic injuries. Only patients with a complete dataset (assessments at 1, 3, 6, and 12 months after injury) were included in the analysis. Data of patients with paraplegia and quadriplegia were analyzed separately. Given these prerequisites, the sample analyzed consisted of 64 patients with motor complete paraplegia and 36 patients with motor complete quadriplegia. The paraplegic subgroup (mean age, 38.0 ± 14.7 [SD] years) included 51 men, the quadriplegic subgroup (mean age, 37.3 ± 15.2 years) 23 men. The average duration of hospitalization was 157 (±55) days for the paraplegic subjects and 225 (±59) days for the quadriplegic subjects, which is about 5 and 7 months, respectively.
Data Analysis
As recommended elsewhere, 15, 16 we calculated a motor recovery rate, and analogously, an annualized functional recovery rate to compare recovery between subjects with paraplegia and quadriplegia. For each patient, the amount of recovery between 2 examinations was thereby divided by the time interval between the 2 examinations. This value was then converted to a value that represented the change per year. The averages of these values calculated for all patients were called motor or functional recovery rate. These measures indicate the recovery assuming constancy over the year.
For the statistical analysis, nonparametric statistical tests were applied due to the ordinal data structure of the SCIM II and the ASIA motor score. A Friedman test analyzed whether significant differences existed between the 4 measurements. If so, further analysis was done by Wilcoxon signed rank tests. The effect of multiple testing was corrected by adjusting the significance level α to 0.0167. This analysis was performed for the SCIM II total score and its subitems. To identify the subitem that contributed the most to the increase of the total score, the subitem with the strongest and the most significant increase in median was determined for each time interval. Wilcoxon rank sum tests were applied to compare recovery rates between patients with paraplegia and quadriplegia, Spearman correlations to correlate functional and motor recovery rates.
RESULTS

Changes in SCIM II Total Score
The SCIM II total score of the subjects with paraplegia significantly increased during the rehabilitation process ( Fig. 1 ; Friedman test: DF = 3, χ 2 = 153.56, P < .001). At onset of rehabilitation, 1 month after injury, the median of the total score amounted to 32 points. Between 1 and 3 months after injury, the median of the total score increased from 32 to 60 points (P < .001) and between 3 and 6 months after injury from 60 to 71 points (P < .001). From 6 months to 1 year after injury, the median of the total score for the subjects with paraplegia increased from 71 to 73 points (P < .001). Within the first year after SCI, the median of the SCIM II total score of the subjects with paraplegia improved by 41 points.
The SCIM II total score of the subjects with quadriplegia also increased significantly during rehabilitation ( Fig. 2 ; Friedman test: DF = 3, χ 2 = 77.55, P < .001). Starting from a median of 12 points 1 month after injury, the patients with quadriplegia improved to a SCIM II total score of 20 points 3 months after injury (P < .001), and to 23 points 6 months after injury (P < .001). Between 6 months and 1 year after injury, the median of the total score remained stable at 23 points (P = .082). Within the first year after injury, the median of the SCIM II total score of the patients with quadriplegia improved by 11 points.
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Functional Recovery Rate
The overall annualized functional recovery rate showed a comparable course in the group of patients with paraplegia and quadriplegia (Fig. 3 ). The majority of the functional progress was achieved in both groups within the first 3 months post injury (average = 145.9 [±SD = 82.7] and 59.3 [±45.7] points for the patients with paraplegia and quadriplegia, respectively). After 3 months, the SCIM II total score still showed improvement, but at a slower rate (average = 46.3 [±47.7] and 29.6 [±30.8] points for the patients with paraplegia and quadriplegia, respectively). Between 6 and 12 months after injury, the recovery rate was very low in both groups (average = 5.9 [±12.7] and 3.6 [±10.9] points for the patients with paraplegia and quadriplegia, respectively). The functional recovery rate of the patients with paraplegia was significantly higher than that of the patients with quadriplegia (P < .001) between 1 and 3 months after injury. However, there was no significant difference between the groups after this period (P = .123 for the recovery rate between 3 and 6 months after injury, P = 0.512 for the recovery rate between 6 and 12 months after injury).
Changes of Subitems During Rehabilitation
In patients with paraplegia, all subitems apart from respiration and stair management significantly improved (P < .0167) between 1 and 3 months after injury ( Table 2 ). The greatest increase in functional progress was achieved in bladder management. Its median increased from 4 (=assisted catheterization) to 12 points (=self-catheterization). Between 3 and 6 months, the subitems feeding, grooming, and respiration did not significantly change, because these values had already reached the maximum value. All remaining subitems, apart from mobility over moderate distances, showed a significant improvement. Greatest increase in functional progress was seen in the median of the subitem bowel management (median improvement by 2.5 points). Also from 6 to 12 months after injury, the subitem bowel management showed the strongest progress (median increase by 2.5 points, not significant). However, no subitem significantly changed within this time period. In patients with quadriplegia, the following subitems showed significant improvement (P < .0167) between 1 and 3 months after injury: feeding, dressing upper body, bathing upper body, grooming, respiration, bladder care, bowel care, mobility indoors, mobility over moderate distances, mobility outdoors ( Table 3 ). The majority of the progress was seen in the subitem bowel management. Its median value increased from 0 (improper or irregular timing or very low frequency) to 5 points (proper and regular timing, but requires assistance). From 3 to 6 months after injury, the subitems feeding, grooming, and mobility outdoors showed the strongest progress (median increase by 1 point). The median of the subitem feeding improved from 1 point (eats cut food using several adaptive devices) to 2 points (eats cut food using only 1 adaptive device for hand; unable to hold cup), grooming from 0 (requires total assistance) to 1 point (performs 1 task), and mobility outdoors from 0 (requires total assistance) to 1 point (needs electric wheelchair or partial assistance to operate manual wheelchair). From 6 to 12 months after injury, 2 subitems showed a significant improvement, although their median did not increase: bathing lower body (P = .005) and use of toilet (P = .016). Furthermore, the median of the subitem grooming increased from 1 to 1.5 points (not significant). This means that an equal number of patients had either a score of 1 (performs only 1 task, eg, washing hands and face) or below 1 or a score of 2 (performs some tasks using adaptive devices) or above 2. The subitems mobility indoors and mobility over moderate distances showed a slight, but not significant, decrease in median value. In some subitems, statistically significant improvement was seen even though the median score remained unchanged. This phenomenon was observed in those subitems where more than 50% of the patients had already reached the maximal score or the maximal reachable score for this patient group at the previous measurement. Thus, the median at this point was equal to the maximal possible score. Although the scores of several patients might have increased at the next measurement, the median did not change anymore. Thus, this phenomenon is due to ceiling effects.
Changes in ASIA Motor Scores
The median of the ASIA motor score of the subjects with paraplegia remained stable at 50 points during the 1-year follow-up. Nevertheless, the Friedman test showed a significant increase (Friedman test: DF = 3, χ 2 = 35.67, P < .001) and the Wilcoxon signed rank test was significant between all time intervals (P = .01 between 1 and 3 months after injury, P = .005 between 3 and 6 months, and P = .007 between 6 and 12 months after injury).
The median of the ASIA motor score of the subjects with quadriplegia increased significantly during rehabilitation (Friedman test: DF = 3, χ 2 = 50.35, P < .001). Starting from a median of 14 points 1 month after injury, the patients with quadriplegia improved to an ASIA motor score of 18 points 3 months after injury (P < .001), to 18.5 points 6 months after injury (P = 0.001), and to 19 points 12 months after injury (P = .016).
Motor Recovery Rate
The annualized motor recovery rate was low in the group of patients with paraplegia ( Fig. 4) . It amounted to 4.3 (±13.8) points between 1 and 3 months after injury, to 3.4 (±10.5) points between 3 and 6 months, and to 1.0 (±2.9) points between 6 and 12 months after injury. The group of the patients with quadriplegia, in contrast, showed a considerably high motor recovery rate between 1 and 3 months after injury (18.7 ± 31.9 points). However, it rapidly declined to 7.1 (±12.3) points at 6 months and to 2.1 (±5.0) points at 12 months after injury. The motor recovery rate of the patients with quadriplegia was significantly higher than that of the patients with paraplegia between 1 to 3 and 3 to 6 months after injury (P < .001 and P = .024, respectively). No significant difference between the groups was observed after 6 months following injury (P = .057).
Functional Versus Motor Recovery Rate
Functional and motor recovery rate showed no correlation in the group of patients with complete paraplegia (Spearman correlation coefficient r S = 0.12 and P = .33 at 3 months, r S = 0.13 and P = .30 at 6 months, and r S = -0.12 and P = .57 at 12 months after injury), whereas a fair correlation was observed in the group of patients with quadriplegia (Spearman correlation coefficient r S = 0.27 and P = .12 at 3 months, r S = 0.32 and P = .06 at 6 months, and r S = 0.38 and P = .02 at 12 months after injury). 17 
DISCUSSION
This study shows that the SCIM II is a sensitive tool for monitoring functional improvement during the first year after a persistent complete SCI. The SCIM II showed most progress during the early phase after injury, but still showed significant improvements up to 6 months in the patients with quadriplegia and even up to 12 months after injury in the patients with paraplegia. The ongoing functional improvement after discharge from rehabilitation in the patients with paraplegia is not related to neurological recovery, because the ASIA motor score showed only minor improvements. Limited availability of human assistance at home, knowledge of transfer from the hospital setting to the familiar environment, and daily practice might further increase functional independence after rehabilitation. 18 Therefore, maximum outcome levels have frequently not yet been achieved at the time of discharge from rehabilitation. This finding might even be more pronounced by the trend toward decreasing the length of inpatient rehabilitation, 19 emphasizing the importance of outpatient rehabilitation after discharge. This is especially important because it was reported that people with low scores of functional independence (motor FIM) at discharge had a higher likelihood of being rehospitalized. 20 Hence, protocols evaluating treatment interventions must consider longlasting changes in functional ability and must provide at least a 1-year follow-up evaluation. The functional recovery rate, in general, showed a comparable course to the annualized motor recovery rate reported elsewhere. 15, 16 It decreased with the time after injury. However, particularly in the patients with paraplegia, the development of functional and motor recovery deviated considerably. This confirms the earlier finding of a nonlinear relationship between these 2 variables, especially in thoracic injuries. 21 Whereas a significant functional recovery occurred during all stages of the first year after complete paraplegia, only a minor recovery of motor status was observed. Significant functional changes (FIM), but no changes in motor score (ASIA) in patients with paraplegia 1 year after injury have been reported elsewhere. 22 The course of functional recovery was similar in patients with paraplegia and quadriplegia, although it occurred on a smaller scale in the group of patients with quadriplegia. At the beginning of rehabilitation (1-3 months), the patients with paraplegia showed a functional recovery rate that was more than twice as high as that of the patients with quadriplegia. This difference was mainly due to the progress of the subjects with paraplegia in bladder (learning to self-catheterize) and bowel management, dressing, and bathing, as well as in bed mobility and transfers. The subjects with quadriplegia had a limited potential for improvements in these tasks because of the upper limb impairment. Their progress took place mainly in bladder (removal of indwelling catheter) and bowel management (improved timing) and in items related to mobility (learning to handle an electric wheelchair) during this period. During the later months of rehabilitation, the recovery of function of the patients with paraplegia rapidly declined and reached a rate similar to that of the patients with quadriplegia. Nevertheless, both groups still achieved progress in independency in that later time period. The patients with paraplegia became, most importantly, independent in using the toilet and in transfers. The patients with quadriplegia learned to use assistive devices and increased their independency in feeding and grooming. Thus, there were specific areas of functional improvement in patients with paraplegia and quadriplegia.
For the assessment of functional recovery in SCI, the FIM has been questioned because of its low sensitivity, 7-10 particularly in locomotor and mobility items. 7, 8 In contrast to the SCIM II, the FIM assesses mobility without discriminating between indoor and outdoor mobility. Furthermore, the FIM scores 50 m in a wheelchair similarly as walking this distance using a walking aid (6 points), which results in a restricted range of scores. 7 In the present study, the median SCIM II score for mobility indoors and mobility over moderate distances reached a ceiling that can be expected in complete SCI (independent mobility in electric or manual wheelchair) at 3 (complete paraplegia) and 6 months after injury (complete quadriplegia). Nevertheless, significant improvement in mobility, particularly in mobility outdoors, was observed in both groups up to 6 months after injury. Thus, a high number of SCI subjects made progress in mobility even late in the rehabilitation process. On the other hand, the mobility of some patients with quadriplegia deteriorated between 6 and 12 months after injury. It is hypothesized that the limited availability of assistance at home can either stimulate functional improvement or, as is the case in some patients with quadriplegia, it might overstrain a subject's capacity. Shoulder pain during rehabilitation is common for patients with quadriplegia (a prevalence of 85% 23 ), and although it decreases over time, its prevalence remains high even in the chronic stage (70% prevalence 24 ). The degree of functional independence of a person with quadriplegia has been reported to be influenced by shoulder musculoskeletal integrity. 24 However, given the limitations of the FIM in assessing locomotion, it might be hypothesized that these 2 important observations would have been missed using the FIM. In addition, the FIM has been criticized for not assessing bed mobility. 7 Using the SCIM II, bed mobility showed significant improvement up to 6 months after injury in patients with paraplegia and quadriplegia. The subitem bed mobility reached its ceiling in patients with paraplegia at 6 months after injury. This is in contrast to a study that expanded the FIM by a bed mobility item and found a rapid ceiling effect in patients with paraplegia, 7 which can be explained by the fact that the 2 bed mobility tasks are not identical. In the SCIM II, this task involves performing push-ups in bed with full body elevation, which is more challenging for patients with paraplegia than moving trunk and legs from the center to the edge of a gymnasium plinth.
Although both groups achieved only minor increases in the SCIM II total score at later stages in their rehabilitation, single subjects were observed to still be capable of improvements in various subitems at these later stages. Conversely, regresses in scores were also observed, particularly in some mobility items in the quadriplegic group. Both progress and regress in a single subitem can be of considerable relevance to a SCI patient, with a large impact being inflicted on daily social life.
Limitations
In this study, results are presented from the second version of the SCIM, which is in use in the centers of the European Multicenter Study of Human Spinal Cord Injury. However, a third version of the SCIM (SCIM III) has been validated very recently. 25 The third version includes a new item (transfer ground-wheelchair) and the scoring of various subitems has been slightly modified, but the scores for the overall categories (self-care, respiration, and sphincter management, mobility) are unchanged. Thus, the main results of this study are supposed to be independent of the SCIM version that was used, although the refinement of scaling of some subitems might result in the description of more nuances during functional recovery of SCI.
CONCLUSIONS
Functional recovery during the first year after SCI is a continuous process, showing improvement even after discharge from rehabilitation. The present study shows that the SCIM II is responsive to functional changes during the first year after a motor complete SCI. Particularly in the group of complete SCI patients, the SCIM II appears to be a valuable assessment tool, complementary to the ASIA protocol, for monitoring rehabilitation outcome in SCI.
